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1. Introduction
A series of deposits of Au with thinness equivalent t, of 4.5, 6.0,

©
9.0 and 12 A was carried out under high vacuum conditions at substrate

-1

temperatures of 290, 260 and 170°C and at a deposit rate of 0.3 and 0.1 X ‘8

on the surface (100) of crystals of KBr (7.7 ° 109 ctn—2 Cu colloids), KC1

10 10 cm-2 Cu colloids), NaCl

10

(8.4 ° 10 cm-2 Pb colloids), NaCl (1.2 ° 10

8 cm < Cu colloids) and NaCl (3.6 ° 10

(5.2 ° 10 cm™2 Ag colloids).
Electron microscope images of the deposits made it possible to determine, as
a function of size, their equivalent t, the specific density n of the
aggregates, the proportion of S100 and S111 oriented aggregates, the degree
of surface coverage with i aggregates, and the mean diameter D of the
aggregate distribution.

Histograms of the aggregate distribution on a standard area A were
plotted for all of the deposits made for the purpose of producing evidence
on the processes of growth, coalescence and secondary nucleation of the Au

aggregates as a function of diameter interval.

2. Experimental Methodology and Data Calculation
2.1. Experimental Conditions for Achieving Au Deposits

Deposits of Au with equivalent tﬁicknesses of 4.5, 6.0, 9.0 and 12 A
were made simultaneocusly in a high vacuum (2 ° 10-6 mm Hg) on (100) surfaces
of KBr, KCl and NaCl, cleaved in air and heated to 290, 260 or 170°C. Contami-
nation of the alkali halide surfaces because of cleavage in the environmental
atmosphere was improved to a great degree by applying the desorption process
of Rossow, Kotze and Henning [l]. Regardless of the temperature at which the
Au deposition was made, the substrates were maintained for an hour in a vacuum

of 2° 1070 m Hg at a temperature of 300°C.

1




C:SZCrystals of KBr, KC1 and NaCl, grown by Kyropoulos' method, were treated and

dyed electrolytically in order to obtain Cu, Pb or Ag colloids [2].
Au aggregates were formed with continuous flux (C) at a deposition rate

Loro1ic sl

of 0.3A " s
In order to preserve thelr crystallographic shape and orientation, the Au

aggregates were covered with a thin carbon layer approximately 200 A thick.

The Au particles covered with the carbon layer were precipitated on the

alkali halide substrates by immersion in water distilled twice and collected

on a special copper grid. The study of the specimens prepared in this way was

conducted with a JEM-120 microscope.

2.2. Methodology of Determining the Characteristic Magnitudes of the
Nucleation Process

Electron microscope images, made at a magnification of 100,000, in a zone
without any coloration effects, constituted the source of data necessary to
determine the characteristic magnitudes of the processes of formation and
growth of Au aggregates. The Au aggregates were counted by photographing the
electron microscope images, enlarged 4 times over the original magnification
(x 400,000) as a function of

-— their dimensions by diameter intervals (up to 25‘A, 25 to 50 A, 50 to
75 % and so on);

-— their morphology (square, triangular and of other shapes).

. 72

The aggregates were counted according to total area A, at 2 " 100 A". 1In

studying the nucleation kinetics of Au on a NaCl substrate, Donohoe and
Robins [3] considered aggregates formed on areas from 1.12 ° 107 RZ to
2.24 ° 107 KZ, while Schmeisser [4] considered an area of 1.4 ° 107 32. In

order to make a quantitative estimate of the uniformity of the nucleation

°
process [5], the total area was divided into 20 squares of 1,000 A on each
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side. This formed the elementary surface on which the aggregates were counted
as a function of size and shape. Table 1 presents the way in which the data
mentioned were taken from electron microscope images in the case of some Au
particles on a KCl substrate with Pb colloids.

Microscopic and electron diffraction research on the Au aggregates formed
by vacuum deposition on (100) cleavage surfaces of some ionic crystals conducted
in a series of laboratory tests [6-12] demonstrated the existence of the
following types of aggregates:

-- aggregates square or rectangular in orientation (100);

-- aggregates triangular in orientation (111);

-- multiple twin-crystal aggregates or multiple twin-crystal particles
(PMM), pentagonal, hexagonal or rhomboid with specific contrast effects. The
types mentioned should be further increased by a series of aggregates which do
not exhibit any definite geometric shape. This category includes very small
aggregates which had not reached a phase of equilibrium and very large

aggregates due to coalescence processes.

2,2.1. Specific Density n of the Aggregates
The specific density n of the aggregates was obtained as a result of
counting the aggregates visible in all 20 elementary areas, and applying the

equation

2
PN

ooy

- 10Yem 2, (1)

The standard deviation in all 20 series of measurements was obtained from

/\ (N;—N )2
N C10We -2,

the equation

(2)
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! R ‘l‘umlml agregatelor in functie de diametru 1n A yi de forma:

1- Total agregate

S pnu 1a 25 _ Y 3w £ a7 . C 751100
i . ! ' H
ns | o} | njn mml triunghi 7:::: *pmaz; tr{nghl ‘?,::,‘;c ‘ pdrat | z;afn;x ‘f‘:rl:‘ ‘p.Z,g triuﬁ m:-
1 B3| 1] -] - 0| 3| - O D N ! - I -
2 4 18 - - - 3 3 - 4 15 - 0 | - - -
3 | w1 -] -] - s 3t - 4 ) 10 - VU U B
4 25 9 1 | - - 2 3! - 3 5 1 ; 10 - - -
5 2 | 15 1 - - 6 4 % - 8 11 1 a2 i -y - -
; s a 12! - - - 3 5 - 7 9 - } Mo - . - l -
' 7 43 15 - - - ] 4 - 8 1o - i 14 } 1 Lo i -
8 3B | 14 t | - - 5 5 - 6 8 . 1 9 1 - 1
9 I T N - nm o4 - f 1 o 1 . 10 - - -
' 10 #8018 ; 1 - - 13 50 - 7 10 1 11 - - !
it i 38 12 ¢ - - - 7 3 f - 7 9 I - 12 - - -
2 e o = |- - tual 31 - 8 - 13 2 - -
3w 3 Do~ - e s - 8 ? 3 : - - -
4 148 3 - - " 6 @ - 12 B2 10 - - -
, 5 W12 1 - - ey o2l - Tt 1 18 - - -
i R B e t | - 3| 12 - 10 1 - t
' 17 2 13 - - ’ - 1 8 3 - T 1w - 11 - - -
. ! B 14 2 1 - - 7 4 - 8 10 2 T - - -
. 9 % 13 - - - ,s&| 2 - 5 n - 2 - - .
' 0 xs.zi-i-‘!uis‘,- S;xoiz v o= - -
\s" i ; ; ! !
’ € i om o1z . - - |zl oee - 122 . 198 17 219 8 - 3

Key: 1-Total aggregates, 2-Number of aggregates as a function of diameter in

H
i

o A and of shape, 3-Up to 25, 4~25 to 50, 5-50 to 75, 6-~75 to 100, 7-Square,

.l

' 8-Triangle, 9-Other shapes

4
§ 4
L 16

3 .
. ’(.‘_f&- -~ AN




C . ——

JEPERPAS

My

2.2.2, Degrees of Orientation S100 and S111

The degree of epitaxial orientacion § was determined from the

100
equation i nloo
Sl(m 0T 100 709
n
Z (3

2

in which ¥ %o  represents the total number of aggregates enumerated in
[ |

20
the entire 20 elementary areas, while v o is the total number of

ke

aggregates whose shape is square (Table 1). The degree of orientation S

111
was obtained by applying a similar equation éi"i"
-
AT ‘L—:t:_‘ * 100%v
kgl e (4)

Kt

in which ¥, »'' represents the total number of aggregates for the standard
k-1

As area, whose shape is triangular. Images of electron diffraction obtained

from the respective areas were used to verify the values determined for S100

and S from the electron microscope images in conformity with equations

111
(3) and (4). Thus the method adopted by us to evaluate the degree of orienta-
tion unites the two methods used in the specialized literature by Harsdorff

{13] and Ino et al. [1l4].

2.2.3. Histogram of Distribution of Aggregates as a Function of Their Diameter
The histogram of distribution of the aggregates as a function of their

diameter was plotted on the basis of data recorded in tables, similar to

Table 1, The higtograms, standardized for all particles in standard area As’

exhibit the density distribution of aggregates by diameter intervals from 25

to 25 A, [sic]. The hatched sections of the histograms represent the number

corresponding to the aggregates of square shape in epitaxial orientation

(100) .




2.2.4. The Degree of Z Coverage of the Substrate with Aggregates

Making an approximate consideration that all of the aggregates have the
shape of a spherical cap [15], the degree of Z (%) coverage of the surface

with aggregates was determined from the equation

1-18'3 n,a yo
7 o= D oo, (5)

in which n, represents the number of aggregates in a diameter interval on a

histogram, while a; is the area of aggregates corresponding to the maximum

diameter of the interval.

2.2.5. Mean Diameter D of the Aggregates
In a corresponding way the mean diameter of the aggregates was obtained

from the equation
_—:ﬂ

~
t.\_‘nk

L]

(6)
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3. Experimental Results

A compilation of the experimental data obtained by processing electron
microscope images and electron diffraction of the Au aggregates on alkali
halide substrates with colloidal centers is contained in Tables 2 and 3. The
tables indicate the substrates with their content and type of defects,
equivalent thickness of particles (t), formation period of aggregates,
deposition conditions (substrate temperature T, deposition rate R) and values
obtained for the parameters which characterize the process of Au aggregate

formation (nx, z, D, and S,..). Figures 1, 4 and 7 graphically represent

5100 111
the dependence of the magnitudes N Z, D and S100 for the KBr, KCl and NaCl
substrates with respect to equivalent thickness t of particles and deposition

conditions (T and R). Thenlstograms in Figures 2, 5 and 8 present the

6
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' Table 2
Jﬁrosimea ‘l.D“m“ 5 Conditii de depunere 7 Valor: obtinute pentru parametrn
echivalenta = formarii T . R =S z o s .
a depunerii  agregatelor Flux L= —— o
A s °C A-sm? 10 cm-t o, A o,
. LI
f Substratul : KBr (7.7 10" em~? coloizi Cu)
2 Tt T T } . T - - -
1 4.5 13 ) 290 0,3 c 213 20 m 37
2 12,0 40 . 290 0.3 C 13<1 30 169 61
3 6,0 60 290 0.1 c 16=2 23 126 72 :
1 9,0 o 290 0.1 c 39-3 ! 21 80 65 1
5 6.0 20 T 260 0.3 c 1922 9 78 61
6 12,0 10 260 0.3 c 15=2 1 % 60 3
T 4.5 15 170 .03 : C 274 | 29 114 23
‘ 1]
; rSubstratul: KCI (8,4-10" - cm~? "coloizi Pb)
; - ' [ - : j
1 4.3 13 260 0.3 c D 34=4 14 72 25 1
2 6.U 20 | 290 0,3 C 384 16 1 41 -
3 9.0 30 i 290 0.3 c ' 30+3 24 . 102 41 3
4 12.0 40 ; 200 0.3 c ¢ 25=3 28 118 7 2
5 6.0 60 ! 290 0.1 C ¢ 283 15 86 © 33 -
6 9,0 %0 290 0.1 c 444 T3 81 36 1
: 6.0 20 260 0.3 C B4 5 52« - -
s 12,0 10 , 260 0.3 c B4 | 1 62 + 23 -
)
]
1
+
"
:
. Key: 1l-Equivalent thickness of deposits A, 2-Period of aggregate formation s,
[y H
i ! 3-Deposit conditions, 4-Values obtained for parameters, 5-Substrate, 6-Cu
b 4
4
,4. colloids, 7-PB colloids
\
7
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Table 3

Grosimea (2 Durata ' 3Conditii de depunere ' ‘l Valori obtinute pentru parametri §

echivalentd | formarii | : ; : _ " = . ‘
a depunerii | agregatelor ' T . R Flux ——22= S Z b — S | Swm §
A ] s [ | A-st | 10% cm-? A A L% 9 !

[
rSubstratul: NaCl(1,2.10'* cm~? coloizi Cu)

l'
? ‘ ‘ ; . .
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2 6.0 20 o 290 0.3 c B4 | 10 , 3 0 - - !
3 9.0 30 290 ; 0.3 ; c P25=3 17 : " | 3 3
; 4 120 10 © 290 ; 0.3 i c P3222 + 136 . 6 14
' 3 2.0 % 200 i 0.1 | ¢ . 46=6 2 i 7 13 6
5 120 , w0 ¢ 2w | o3 [ ¢ ' o7z | 3 t !
. (.-Substratul: NaCl(5.2 ;
é?
1 1.5 15 290 0.3 o 12 ]2 - - ?
2 B0 20 200 0.4 « 10 58 2 - H
! Y S0 200 0.3 C 24 105 t 3 ?
3 2.0 W 200 0o [ RS 124 3 " .
7 b 0 290 o,1 ( 22 34 R 12 i
?
e e E
r\uhetratul: NaCli3.6 - tnte cm'fzunizi Ad) i
) - T T T - T - ¥
' : L2 m 290 0.3 r 263 7 119 3 | {
\ : . " 290 0.1 . 214 13 9 1.3 1 §
: . " ") 290 0.1 [ =13 20 79 2 hi "
]
\" ,:
i
!
T
|
i
o
t
' !
K Key: l-Equivalent thickness of deposits A, 2-Period of aggregate formationm s.
. | 3-Deposit conditions, 4-Values obtained for parameters, 5-Substrate, 6-Cu
s colloids, 7-Ag colloids
¢
L 10 8
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distribution of the Au aggregate diameters as a function of their size in the
3 alkali halide substrates formed under different deposition conditions and
aggregate growth phases.

The electron microscope images and the electron diffraction in Figures
3, 6 and 9 illustrate the different aspects associated with the morphology and

kinetics of Au aggregate growth.

3.3. KBr Substrate (7.7 * 10° em 2 Cu Colloids)

The results obtained for Au deposition on the KBr substrate with Cu
colloids are presented in Table 2 and Figures 1, 2 and 3. The aggregates
formed at 290 and 260°C at a deposition rate of 0.3 A s-l reveal a drop in
their n value in the value interval corresponding to some equivalent thick-
nesses from 4.5 to 12 A (Figure 1). This can be explained by the fact that
under Fhese deposition conditions the maximum saturation density of Ns
aggregates, occurring at equivalent thicknesses smaller thanr 4.5 K, and the later
reduction in aggregate density at the same time as the growth of the equivalent
thickness of the particles can be attributed only to the colascence processes
(Figures 2 and 3). The percentage of aggregates of epitaxial orientation S100
reaches the value of approximately 60% of the aggregates formed at substrate
temperature of 290 and 260°C with a deposition rate of 0.3 2 s-l, and remains
practically constant within the interval of equivalent thickness from 4.5 to
12 A (Table 2 and Figure 1). For Au aggregates formed at the temperature of
300°C with continuous flux from 13.8 ° lO13 atoms ° cm-2 : s-l on a KBr sub-
strate cleaved in an extremely high vacuum Puskeppel and Harsdorff [16] obtained
100° Despite this, for deposition made
at substrate temperature of 290 and 260°C at a deposition rate of 0.3 K * s-l,

a 602 degree of epitaxial orientation S

the parameters n and S100 have approximately the same value in the interval

9
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Microscope image (x 100,000) and diffraction of electrons of Au aggregates
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' Figure 6
‘ Microscope image (x 200,000) and diffraction of electrons of Au aggregates
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Figure 8
Histogram of distribution of diameters of Au aggregates formed under different
deposition conditions (T and R) and with different equivalent thickness t on
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Figure 9

Microscope image (x 100,000) and diffraction of electrons of Au aggregates

formed by deposition in continuous flux on a NaCl substrate (1.2 ° 1010 cm—Z
Cu colloids) at temperature t 290°C and deposition rate of ».:‘\ . '
) ! taNcm ow N ow Ny [ILERY
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of equivalent thickness from 4.5 to 12 X, values corresponding to the degree
of Z coverage of the surface with aggregates, to the mean diameter D and
varied frequency in the coalescence processes (Table 2, Figures 1, 2 and 3).
The Au aggregates with equivalent thickness of 4.5 &, formed at the sub-
strate temperature of 290°C, have a Z coverage degree of 20% and a mean
diameter of 111 K, while aggregates formed at a substrate temperature of
260°C, while they have an equivalent thickness of 6 K, have a 9% coverage
degree and a mean diameter of 78 K.

The histogram (Figure 2) indicates to us a greater density of Au aggregates
in orientation (100) with diameters in the interval from 50 to 100 A on
deposition with an equivalent thickness of 6 K, formed at a substrate tempera-
ture of 260°C, compared to those of 4.5 X formed at a substrate temperature
of 290°C. On the other hand, deposition with an equivalent thickness of 4.5 4,
formed at 290°C, have a greater aggregate density in orientation (100) with
diameters in the intervals from 100 to 175 R.~ Very intense coalescence of
the aggregates with an equivalent thickness of 12 A, formed at a substrate
temperature of 290°C and deposition rate of 0.3 X s-l, appearing to be
secondary nucleation, does not modify degree of epitaxial orientation S100
(Figure 2 and Figure 3a). Under these deposition conditions a degree of
coverage of the surface with aggregates Z of 30% and a mean diameter of D
of the aggregates of 169 A are obtained (Figure 1), but the distribution of
the diameter values of the aggregates is very great (Figure 2). The 12 A
deposition made at a substrate temperature of 260°C leads to growth of the
mean diameter D of the aggregates to a value of 96 A, instead of 78 &, and
the degree of coverage of the surface with aggregates Z of 112 instead of
9%, which takes place in growth of the equivalent deposit thickness from
6 & to 12 & (Table 2 and Figure 1) which is due in large degree to the growth

19
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in the size of the aggregates because of the diffusion process of the donor
atoms., As the histogram in Figure 2 indicates to us, the number of coalescent
actions is very reduced. It should also be mentioned that, under these growth
conditions, the percentage S100 of aggregates in the orientation (100) remains
practically constant.

The Au aggregates, formed at a substrate temperature of 170°C, correspond-
ing to an equivalent thickness of 4.5 3, exhibit greater values for the
specific density n_, the degree of coverage Z and the mean diameter D in
comparison with the aggregates formed at the substrate temperatures of 260 and
290°C, and the same deposition rate of 0.3 A ° s~! (Table 2 and Figure 1).

The percentage of aggregates in orientation (100) S of 20% is thus much

100
smaller than that of the aggregates formed at higher temperatures. The
reduced number of Au aggregates in orientation (100) cannot be attributed to
the absence of coalescence activity, since both the histogram (Figure 2) and
the electron microscope images attest to its existence (Figure 3b).

The specific density a of the aggregates formed at a substrate tempera-
ture of 290°C with a deposition rate of 0.1 i s-l has a much greater value
than that of all the above-mentioned depositions (Figure 1). The mean
diameter D of the Au aggregates and the degree of coverage of the surface 2
with aggregates is smaller than that of the particles made at a substrate
temperature of 290°C at a deposition rate of 0.3 2 s-l (Figure 1 and
Figure 3c). Under these deposition conditions the Au aggregates in orienta-

tion (100) reach a higher percentage, 707 compared to approximately 60% for

deposition made at a deposition rate of 0.3 A s-l (Figure 1). Since the

number of coalescent actions is reduced at this deposition, according to

what can be judged from the histogram in Figure 2, the gradual increase in
epitaxial orientation S100 is attributed to the greater time accorded the
formation of Au aggregates (Table 2) following the reduction in deposition rate.

20

-

, P

e e e e m—e em ——. PG —




. RS N

@ f With respect to the Au aggregates formed in an ultrahigh vacuum on a
| KBr substrate cleaved in situ, Puskeppel and Harsdorff (16] mention the increase
in the degree of epitaxial orientation with: the increase in evaporation time,

the increase in substrate temperature from 210 to 300°C, and the decrease in

the deposition rate. In the initial stage of nucleation histograms of the
diameter distribution of Au aggregates [16] indicate the presence of aggregates
of epitaxial orientation in the domain of diameters of greater value; in the
coalescence phase every large crystallite is oriented epitaxially.

10 cm—2 Pb Colloids)

3.2. KCl Substrate (8.1 ° 10
The results obtained for Au particles formed on a KCl substrate with

Pb colloids are presented in Table 2 and Figures 4, 5 and 6. The specific

density n of aggregates formed at a substrate temperature of 290°C and a

deposition rate of 0.3 2 s-1 increases in the interval of equivalent
thicknesses from 4.5 to 6 K. After reaching the maximum saturation density
| ‘ of Ns at 6 5, n drops because of coalescence processes (Figures 5 and 6) in

the interval of equivalent thickness from 6 to 12 Z. The density of the

aggregates n_, obtained under identical deposition conditions and thickness

intervals, is greater for particles formed on the KCl substrate with Pb
. colloids in comparison with the KBr substrate with Cu colloids, and the mean

‘ diameter D of the aggregates is smaller, while the degree of coverage of the

.surface Z with aggregates is approximately the same. In the interval of

equivalent thickness from 4.5 to 6 3, the degree of epitaxial ordering S100
increases from 25 to 417, remaining practically constant up to the equivalent
thickness of 12 A. Compared with the KBr substrate with Cu colloids for

particles made under these same conditious on a KCl substrate with Pb colloids,

S VS PAF SR A5 X SN

>

with the exception of a smaller degree of epitaxial ordering, we can observe

the existence of an initial domain in which S increases with time for

100

21




A

i v

o, VT S
-

equivalent thickness of particles t (Figure 4), It should be mentioned that,
in the interval of equivalent thickness from 4.5 to 6 K, an increase occurs
in both S100 and . Among the aggregates formed on the qu substrate with
Pb colloids, aggregates in orientation (ggoo are also observed in a small
number (Table 2 and Figure 6). Deposition made at a substrate temperature of
260°C at the same deposition rate R'differs in all parameters (nx, z, D, SlOO)
in comparison with deposition made at a substrate temperature of 290°C

(Table 2 and Figure 4). Along with an increase in the equivalent thickness
of particles from 6 to 12 X, there is an increase in the specific density n
from 25 to 35 ° 10lo aggregates per cmz, in the degree of epitaxial ordering
S100 from 0 to 23%, in the degree of coverage Z from 5 to 11%, and in the mean

diameter D from 52 to 62 K. It should also be mentioned that, under the same

deposition conditions, the parameters n and S of the Au aggregates formed

100
on the KBr substrate with Cu colloids remain practically constant for particles
made at substrate temperatures of 260 and 290°C. Aggregates in orientation
(111) are missing from the deposition made at a substrate temperature of 260°C.
The rate of attaining the specific maximum density NS of the Au aggregates made
at the substrate temperature of 290°C at a deposition rate of 0.1 2 s-l is
very different from the rate of attaining the maximum density Ns for aggregates

formed with a deposition rate of 0.3 & ° s ' (Figure 4).

10

3.3 NaCl Substrate (1.2 ° 10 cm~2 Cu Colloids) and Other NaCl Substrates

The results obtained for Au deposition on a NaCl substrate with Cu and Ag
colloids are presented in Table 3, and Figures 7, 8 and 9.

The specific density n of the Au aggregates formed at a substrate
temperature of 290°C, at a deposition rate of 0.3 A s-l, increases in the

°
interval of equivalent thickness from 4.5 to 6 A. After reaching the maximum

saturation density Ns at the equivalent thickness of 63, n drops because of

22




the coalescence processes (Figures 8 and 9) in the domain of equivalent

thickness from 6 to 9 K, and increases again because of secondary nucleation
at the equivalent thickness of 12 X. The value of the specific density of
the aggregates o, is comparable to that obtained under similar deposition
conditions on a KC1l substrate with Pb colloids in the domain of equivalent
thickness from 4.5 to 9 K, both in value and in the appearance of dependence
in comparison to the equivalent thickness of the particles. However, the
degree of epitaxial orientation S100 is greatly decreased (Figures 7, 8 and
9), while the increase in S100 in the interval of equivalent thickness from
4.5 to 12 K, from 0Z to 6%, is very slight. On the other hand the percentage

of Au aggregates in orientation (111), is quite large, compared to the

S111
percentage found for the depositions made under the same conditions on a
KBr substrate with Cu colloids and on KCl with Pb substrates. In particles

with an equivalent thickness of 12 %, S is equal to 147 of the maximum

111
value for Au aggregates with the same morphology, and more than double the
S100 (Table 3). The degree of coverage of the surface Z with aggregates has
values close to those obtained by deposition on a KC1l substrate with Pb
colloids for equivalent thicknesses of 4.5, 6.0 and 9.0 R, but the equivalent
thickness of 12 K records a value of 447, compared to 28% for the KCl sub-
strate with Pb colloids (Figures 4 and 7). A reduction in the substrate
temperature from 290 to 260°C, while maintaining the deposition rate of

0.3 Z : s-l, determines a drop in the specific density n of the Au aggregates,

in the degree of 5100 and S1 orientation, in the degree of coverage Z and in

11
a reduction of the diameter D (Table 3). The most pronounced differences are

[}
recorded in deposition with equivalent thickness of 12 A. Thus, while the
degree of coverage Z with aggregates for particles made at a substrate tempera-

ture of 290°C with an equivalent thickness of 12 Z is 44Z, it is only 82 for
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particles with the same equivalent thickness made at a substrate temperature
of 260°C (Table 3 and Figure 7).

The increase in the formation period of aggregates at a substrate tempera-

ture of 290°C in producing condensation at a deposition rate of 0.1 l : s_l,

compared to that at 0.3 A s-l, determines an increase in their specific

density n and their degree of S100 and S orientation (Table 3 and Figure 7).

111
The kinetics of formation and degree of orientation of the Au aggregates
condensed on a NaCl substrate with a density of 5.2 ° 108 Cu colloids
per cm2 and on a NaCl substrate with a density of 3.6 ° 1010 Ag colloids

per cmz, are similar (Table 3).

4, Discussion
As can be judged from a series of works [1l, 9, 13, 17-22], with a total
existence of several mZ of Au deposited for evaporation on alkali halide
substrates, there still is not a satisfactory theory for the epitaxis or to
specify the specific factors which govern the processes of oriented growth
in the case of formation of thin layers through a process of nucleation and
. growth.
; In a previous work [23], using the formalism of the atomistic theory of
‘ nucleation [15, 18, 24-28) and experimental results obtained by Adam and
Harsdorff [29,30] on the degree of oriented growth of thin layers of Au as a
L function of deposition conditions on alkali halide substrates, we have -
demonstrated the fact that epitaxial growth can only be achieved under
conditions of incomplete condensation. In accepting the hypotheses of the

atomistic theory of nucleation [15, 18, 24-28], the condition of incomplete

condensation is achieved under conditions in which the process of re-evaporation

T Pl e i -

-

of the donor atoms is dominant. The fact that realization of the degree of
epitaxis different in the Au thin layers, as a function of the alkali halide
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substrates on which they are formed, has not been able to be demonstrated

by parameters characteristic of the atomistic theory of nucleation (23],
demonstrates the inadequacy of the phenomenological hypotheses admitted in

the theory, especially for the condition of incomplete condensation. It should
be mentioned that, in order to achieve more satisfactory correspondence between
the experimental data and the theoretical description of the kinetics of Au
aggregate formation on alkali halide substrates under conditions of incomplete
condensation, the atomistic theory of nucleation should have considered the
existence of aggregate mobility [15, 18, 24, 31, 32]. However, as Robins [24]
has mentioned, this agreement has only been produced by means of mathematical
calculation, while the intrinsic nature of aggregate mobility and of the
coalescence determining it have not yet been explained.

Acknowledging the mobility of the aggregates implies realization of their
coalescence, not only by growing together in a process of capturing donor
atoms which diffuse on the substrate, but also by shock in the process of
their migration. The interpretation of Harsdorff's theory [13, 16, 33] by
Metois, Masson and Kern [34, 35] from experimental results stipulates the
possibility of formation of epitaxially oriented aggregates through the
coalescence of aggregates migrating on the substrate. These opinions (13,

16, 19, 22, 33) and experimental data [34, 35] provide support to buttress

consideration of the formation of epitaxial aggregate as a post-nucleation

phenomenon [19, 36]), and this implies renunciation of the theories based on
critical epitaxial nuclei [25].

In presenting the results of our experiments in forming Au aggregates on
KBr, KCl2 and NaCl substrates with colloidal centers, we have aimed at

demonstrating the existence of the two dependencies mentioned:
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a. the dynamic nature of the degree of epitaxial ordering, and variations
in S100 with deposition times;

b. dependence of the degree of epitaxial ordering leO’ with respect to
the phenomena of coalescence.

Our experimental data demonstrate the influence of the deposition time

on the grade of epitaxial ordering 5100' Thus, by reducing the deposition
rate from 0.3 & ° s-1 to 0.1 A ° s-l, we have succeeded in increasing the
degree of epitaxial orientation leO’ and the Au aggregates with equivalent
identical thickness formed at a substrate temperature of 290°C on KBr, KCl
and NaCl substrates with colloids (Tables 2 and 3, Figures 1, 4 and 7).
When Au is deposited on KC1 substrates with Pb colloids at a substrate
temperature of 290°C and at a deposition rate of 0.3 K ‘ s-l, there is a
significant growth (30%) in the degree of epitaxial orientation SlOO’ along
with an increase in the equivalent thickness of the particles. However, the
predominant role in producing Au aggregates of epitaxial orientation, as this
study verifies, is the nature of the alkali halide subétrates and the deposi-
tion conditions [8, 19, 39, 30, 37, 38].

Our experimental results have demonstrated that no direct connection can

be established between the presence of phenomena of coalescence, secondary

nucleation and the degree of epitaxial orientation 5100’ Thus, the appearance

of coalescence phenomena and of secondary nucleation in Au aggregates with an
equivalent thickness of 12 A formed at a temperature of 290°C on a substrate
of KBr with Cu colloids and a substrate of KCl with Pb colloids does not !

modify the value of the degree of epitaxial orientation (Table 2, Figures 1,

é 2, 4 and 5). On the other hand, for Au aggregates with an equivalent thick-
.g- ness of lZ‘Z.formed at a temperature of 290°C on a NaCl substrate with Cu
é colloids, the presence of coalescence phenomena and secondary nucleation
? 26
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; determine the greater growth in the degree of 8111 orientation compared to the
degree of epitaxial orientation leO‘
The kinetics of formation of Au aggregates on alkali halide substrates
with colloidal centers, namely: the time for reaching the maximum saturation
density Ns, the rate of increase in the mean diameter D of the aggregates and
the degree of coverage Z with aggregates, along with the increase in the
equivalent thickness t of the particles, demonstrates dependence with respect

to the intrinsic nature of the alkali halide substrate and the deposition

conditions.

5. Conclusions

The phenomenology of the processes of nucleation, aggregate mobility,
aggregate crystalization, the formation of continuous metallic layers on
alkali halide substrates, is primarily dependent on the intrinsic nature
of the substrates and, secondarily, on the deposition conditions. 1In
characterizing the intrinsic nature of the alkali halide substrates, it is
necessary to take into consideration both the parameters of the material in
the atomistic theory of nucleation [23] and the structure of defects in the
substrates [18, 22, 39, 40], along with possible interaction at the aggregate-

substrate interface.
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Abstract

v * OF C GROWTH OF VACUUM CONDENSED AT PPVKR ricLES ONTo :
\111‘1';‘0(‘10(0))[ SI;”’F{F.\(."I)-.‘S OF KK[r KCEAND Na2I SURSTRA LS wirl corloj. i
DAL CENTRES. 1. Introduction 2. Experimental methotls and calenfation of data.
31X residts 4, Discussion. 5, Conehusions. :
+hl;l")(:rc‘l'::o‘:::':( refers 1o the experimental study by clectronmicroseope :m'tl clm‘lrm!dil 1
fraclion of the farmation kinelics and {he orientation flvgrvv of the ;\.u p:nrlu-.l(-s nl.umm-d
by condensation in vacuum onte KBr. KGEH and Natil sul'l\'lr:llcs \yn(h l'ulh.nlhll (i‘lll,‘cg_
The clectronimicroscope images conceriing the An deposils -'vr various equivalent ’Ihu-k-
' ness obtained nnto the three alkail halides sobsirates. al various substrale lcmpolr.\luru |
and deposilion rates were used in order to ulcl-ermiug Lhe fulln\v'llllg! paramelers /l w’pn':'- i
i M) ticles specilic density ny, the ratins Sige ind Sy of oriented particies, the (h-gre.c % of the 1
- surface coverage by the particles and the mean diameter 1) of the pf\ri icles distribution,
The ubtained results are discussed in relation to the u.piniuus of varinus workers on the
phenomnenology of the processes leaddingd Lo the formation of oriented particles,
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